Abstract: This study introduces and evaluates a new methodology using information on image spatial form (spatial metrics) to describe structures and changes in urban land use. The metrics were calculated for segmented areas of homogenous urban land use structure derived from digitally classified color infrared aerial photographs. The results indicate a useful description and separation of three urban land use types: commercial development, high-density residential and low density residential and demonstrate the capabilities of this technique the represent urban growth. This technique has a potential to provide data for several urban application that should be explored and evaluated in future research activities.
I. INTRODUCTION
Over 50 % percent of the world population lives in urbanized areas. Recent developments of population growth, urban regional migration, and increasing ecological problems require advanced methods for city planners, economists, ecologists and resource managers to support sustainable development of these fast-changing regions. In order to make intelligent decisions and take timely and effective action, planners need extensive, comprehensive knowledge about the causes, chronology, and effects of these processes. A limitation in the application of remote sensing to urban regional analysis is the spatial heterogeneity found in urban land cover.
The urban environment typically consists of built up structures such as buildings and transportation nets), several different vegetation covers: parks, gardens and agricultural areas, bare soil zones and water bodies. In order to accurately record this complex spatial assemblage, high spatial and spectral sensor resolutions are required and the highresolution data often must be processed using complex and specialized algorithms [1, 2] Applications, especially on the local level, like urban growth and land use change models for policy exploration, impact assessment and optimization of decisions, require various spatial datasets, e.g. urban land use maps with Level II and III accuracy as defined in the Anderson-classification scheme [3] .
In this study a new technique is proposed to quantify the spatial urban pattern from high-resolution optical remote sensing data to describe structures and changes in urban areas under consideration of the following issues:
• Multispectral optical remote sensing allows for a pure separation of different urban land cover types like built up areas, vegetation and water to derive accurate thematic land cover maps. However, urban land use categories (like residential or commercial) cannot be discriminated by applying "per-pixel" analysis methods.
• The spatial and textural context is the important information for urban area characterization. We propose landscape metrics as quantitative measures of spatial structures and pattern to describe urban land use features.
• The separation of inner-urban structures requires high spatial sensor resolutions that are quite recently available from satellite systems. However, for development and evaluation of this approach we use digitized aerial CIR-photographs with 3 m geometric resolution, similar to current available data from space-borne systems.
II. SPATIAL METRICS
Spatial or landscape metrics can be defined as quantitative indices to describe structures and patterns of a landscape [4] . Their development is based on information theory measures and fractal geometry. In this study, landscape metrics were calculated using the public domain Fragstats program [5] , where six landscape metrics were selected for the analysis: the percentage of the area covered by a class relative to the total landscape area (%LAND, in percent), the patch density of a land cover class (PD, in numbers per hectare), the patch size standard deviation of a land cover class (PSSD, in hectares), the contagion index (CONT, in percent, see [4] ), edge density of a land cover class (ED, in meters per hectare) and the area weighted mean patch fractal dimension (AWMPFD). 
III. HOMOGENEOUS URBAN PATCHES
A basic approach in the investigations is the definition and spatial discrimination of areas of similar urban structure for the application of the landscape metrics that measure the spatial structures and pattern in a given region. This concept was chosen according to the approach of "Photomorphic Regions" as developed for visual air photo interpretation. These regions are defined as image segments with similar properties according to their size, shape, tone/color, texture and pattern [7] . Accordingly, for the application of the landscape metric approach these regions can generally be defined as "Homogeneous urban patches (HUP)" as entities for the data analysis.
The spatial segmentation always depends on the study objective. These areas can be spatially defined as "Areas of homogenous urban land use structure". They could be derived from the remote sensing data on the basis of administrative borders such as city limits and city district limits. The concept of HUP's provides a major advantage to other spatial structure investigations of urban areas from remotely sensed data. It allows the characterization of thematic-defined areas, while other approaches merely using a quadratic filtering window and "per pixel" information as basis for thematic data analysis [6] . Indeed, the definition and segmentation of the HUP's requires an additional processing step.
IV. RESULTS
The analysis is based on scanned CIR -air photos (3 m spatial resolution). Using a supervised classification approach test sites in the area of Santa Barbara, CA could be clearly separated into vegetation and built up areas (binary classification).
The six selected landscape metrics were calculated for three urban land use categories homogenous areas of: commercial and industrial (Comm); residential with high density built up structure (ResHD, medium income area); residential with low density built up structure (ResLD, high income area) as well as for a test site of urban growth. The spatial distribution of built up and non-built (vegetation) zones in the different test sites are shown in Fig.1 . They represent the typical spatial pattern found in urban areas.
The comparative evaluation of the landscape metrics shows distinctive differences between the three land use categories concerning the dominance of one land cover class, the patch density and size and their spatial fragmentation (Fig.2) . As determining land cover features for the spatial measurements the domination of a land cover class (built up or vegetation), the housing density, the mean housing and plot size as well as the spatial aggregation of the built up areas can be identified -this information can be used for detailed characterization of these areas in terms of urban land use and socio-economic issues. a) Comm b) residHd c) residLd Changes in urban land use, shown for the La Cumbre test site (Fig.2) , could be described using the landscape metric information. In the test site a landscape structure change was caused by a spread of anthropogenic urban structures to previously non-built up vegetation zones. The variation of the landscape metrics have shown a rising percentage of the built up zones on the total landscape area, as well as, increasing spatial aggregation of the built up patches (Fig.2) . The urban growth in previously non-built up zones resulted in a higher fragmentation of the landscape. The analysis shows the importance of the different metrics for a robust description 
PD) and the Edge Density (ED) values were rescaled (by dividing them by a factor of ten) to adjust them to the first y-scale (landscape metric value). The secondary y-axis (fractal dimension value) is only related to the "area weighted mean patch fractal dimension" (AWMPFD)).

V. CONCLUSION
The results show the capability of the combined approach of remote sensing and spatial metrics to improve thematic mapping of urban areas. The approach not only allows a separation of urban land use categories and description of its changes, it can also provide a robust quantitative measure of the spatial urban structure. Under that purpose the future research objectives should include the following issues: 1. Evaluate spatial measurements to estimate socioeconomic parameters (population density, quality of life). 2. Modify, optimize and aggregate the spatial metrics or indices to provide useful information about urban morphological structures. As already pointed out [8, 9] spatial measurements allow a very robust characterization of urban form that is an important information for representing urban processes and functionality and contribute to urban models. 3. Improvements of the land cover map derived from remotely sensed data using data with higher spectral resolution.
